Isomers in thioredoxins of spinach chloroplasts.
We have developed a method for the concomitant purification of several components of the ferredoxin/thioredoxin system of spinach chloroplasts. By applying this method to spinach-leaf extract or spinach-chloroplast extract we separated and purified three thioredoxins indigenous to chloroplasts. The three thioredoxins, when reduced, will activate certain chloroplast enzymes such as fructose-1,6-bisphosphatase and NADP-dependent malate dehydrogenase. Fructose-1,6-bisphosphatase is activated by thioredoxin f exclusively. Malate dehydrogenase is activated by thioredoxin mb and thioredoxin mc in a similar way, and it is also activated by thioredoxin f but with different kinetics. All three thioredoxins have very similar relative molecular masses of about 12,000 but distinct isoelectric points of 6.1 (thioredoxin f), 5.2 (thioredoxin mb) and 5.0 (thioredoxin mc). The amino acid composition as well as the C-terminal and N-terminal sequences have been determined for each thioredoxin. Thioredoxin f exhibits clear differences in amino acid composition and terminal sequences when compared with the m-type thioredoxins. Thioredoxin mb and thioredoxin mc, however, are very similar, the only difference being an additional lysine residue at the N-terminus of thioredoxin mb. Amino acid analyses, terminal sequences, immunological tests and the activation properties of the thioredoxins support our conclusion that thioredoxins mb and mc are N-terminal redundant isomers coming from one gene whereas thioredoxin f is a different protein coded by a different gene.